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Pharmaceutical compositions containing platinum complexes with 
secondary xanthates and therapeutic uses thereof 



The present invention relates to pharmaceutical compositions 
containing certain platinum complexes with secondary xanthates 
and to the use thereof for treating tumors and autoimmune 
diseases . 



Chemotherapy is still indispensable for the treatment of 
cancer. Despite advances in surgery and radiotherapy, 
mortality remained virtually unchanged for most cancer-s in the 
decades before discovering cis-platin [cis-dichloro-cliammine- 
platinum(II) ] , which was a major step forward in the treatment 
of cancers of, e.g, . ovary, lung and testis. Today platinum 
compounds remain an important component of chemotherapeutic 
regimens. All platinum compounds in clinical -use are 
derivatives of cisplatin with two amino groups in the ex- 
position 



Yet, a perfect chemotherapeutic agent is still lacking. 
Recently a platinum complex based on sulfur as complex: forming 
atoms, bis (O-ethyl-dithiocarbonato)platinum(II) , named 

"thioplatin" with anti-tumoral activity against a number of 
human tumor lines was described (Amtmann et al . , Cancer 
Chemother. Pharmacol. 47 (2001), 461-466; EP-B1-1 107 751). 
Surprisingly, it was found that Thioplatin displayed 
significantly higher cytotoxicity when tumor cells were 
cultivated in media of pH 6.8 as compared to media of pH 7.4. 
Since in solid tumors a pH of 6.8 and lower taas been 
frequently observed an improved therapeutic index with 
Thioplatin could be expected. Indeed, Thioplatin displayed 
anti-tumoral activity on human tumors xenotransplanted in nude 
mice which was comparable to cisplatin, yet a significantly 
lower toxicity on kidneys, small intestines and on white blood 
cell count was encountered. However, it has been discovered 
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that "thioplatin" is not sufficiently soluble, and, thus, 
there is a need for complexes of platinum and xanthogenate 
showing improved solubulity and even higher cytostatic 
activity and, preferably, lower side effects. 

Thus, it is the object of the present invention to provide 
pharmaceutical compositions containing complexes of platinum 
and xanthogenate having a higher cytostatic activity, i.e., 
are more effective in low dosage and have a lower toxic effect 
on healthy cells, compared to the complexes available so far. 

The solution to said technical problem is achieved by 
providing the embodiments characterized in the claims. 

In order to establish structure-activity relationships, 
derivatives of "thioplatin" (= Bis (O-ethyl- 

dithiocarbonato ) platinum ( II ) ) were prepared and analyzed. 
Twenty different bis (O-alkyl-dithiocarbonato) platinum (II) - 
complexes were synthesized and tested for cytotoxic activity 
in a panel of six human tumor lines. Derivatives with up to 7- 
fold increased activity as compared to xx thioplatin" and up to 
25-fold more activity than cis-platin could be characterized. 
When various bis (O-dithiocarbonato) platinum (II) -complexes were 
analyzed for anti-tumoural activity in vitro, a correlation 
between lipophilicity of residues and activity was found. 
Complexes derived from secondary xanthates displayed 
significantly higher activity than those derived from primary 
xanthates with the same number of C atoms. Like *thioplatin" , 
all tested platinum complexes were more active at pH 6.8 than 
at pH 7.4. A pH of 6.8 and lower has been frequently found in 
solid tumors, due to the tendency of tumor cells to anaerobic 
fermentation. Drugs with such pH-dependent anti-tumoral 
activity have an improved therapeutic index as compared to 
drugs which are active irrespectively from pH. 
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Thus, the present invention relates to a pharmaceutical 
composition containing at least one platinum complex with a 
secondary xanthate. 

The term * secondary xanthate" means that it is derived from a 
secondary alcohol. Secondary xanthates have the general 
formula Rl , R2C-COH-CR3 , R4 . 

In particular the present invention relates to a compound of 
the general formula (I): 



(I) H-^-O-cV W x s >-°-£-H 



wherein 

(a) Rl to R4 are each independently of each other a 
straight chain or branched alkyl residue having 1 to 
12, preferably 1 to 9, carbon atoms; or 

(b) Rl to R4 are each independently of each other a 
straight chain or branched alkenyl residue having 2 to 
12, preferably 1 to 9, carbon atoms; or 

(c) Rl to R4 are each independently of each other a 
monocyclic or polycyclic alkyl residue having 3 to 12, 
preferably 3 to 9, carbon atoms; or 

(d) Rl to R4 are each independently of each other a 
monocyclic or polycyclic alkenyl residue having 3 to 
12, preferably 3 to 9, carbon atoms, or a monocyclic or 
polycyclic aromatic residue having 6 to 12 carbon 
atoms ; or 
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(e) Rl and R3, and/or R2 and R4 are linked to form a bridge 
or a cycle with each 3 to 12 carbon atoms, or 

(f) Rl and R2 and R3 and R4 are linked to form a bridge, 
and, optionally 

(g) Rl, R2, R3 and/or R4 are substituted by and/or comprise 
one or more heteroatoms . 

Examples of suitable residues are: 

A straight chain or branched alkyl residue having 1 to 12, 
preferably 1 to 9, carbon atoms means e.g. methyl, ethyl, n- 
propyl- , isopropyl- , n-butyl, isobutyl . , sec . -butyl . , tert- 
butyl, n-pentyl, isopentyl-, neopentyl, n-hexyl, 2- 
methylpentyl , 3 -methylpentyl , 2,2 -dime thy lbutyl , 2,3- 

dimethy lbutyl , n-heptyl , 2 -methylhexy 1 , 3 -methylhexyl , 2 , 2 - 
dimethy Ipenty 1 , 2,3 -dimethy lpenty 1 , 2,4 -dime thy lpentyl - , 3,3- 
dimethylpentyl , 3 -ethylpentyl , 2,2,3- trime thy lbutyl- , n- 
oc tyl - , 2 -methylhepy 1 , 3 -methylhepyl , 4 -methylhepy 1 - , 2,2- 
dimethylhexyl- , 2 , 3 -dimethy lhexyl- , 2 , 4-dimethylhexyl- , 3,3- 
dimethylhexyl-, 3 , 4-dimethylhexyl, 4 , 4-dimethylhexyl-, 2- 
ethylhexyl, 3-ethylhexyl- , 4-ethylhexyl- , 2,2,3- 

trimethylpentyl-, 2 , 3 , 3-trimethylpentyl, n-nonyl, n-decyl, n- 
undecyl , n-dodecyl etc . 

A monocyclic or polycyclic alkyl residue having 3 to 12, 
preferably 3 to 9, carbon atome means the cyclic equivalents 
of the above mentioned groups . 

A straight chain or branched alkenyl residue having 2 to 12, 
preferably 2 to 9 , carbon atoms means e.g. ethenyl, propenyl, 
1-butenyl, (cis/trans) -2-butenyl, 2 -methy lpropenyl , 1- 

pentenyl , 2 -pentenyl , 2 -methyl - 1-butenyl , 3 -me thyl- 1 -butenyl 
und 2 -me thyl -2 -butenyl, etc. 



4 



WO 2005/058307 PCTYEP2004/014110 

A monocyclic or p.olycyclic alkenyl residue having 3 to 12, 
preferably 3 to 9, carbons atoms means the cyclic equivalents 
of the .above mentioned groups. 

A monocyclic * or . polycylic aromatic residue having 3 to 12 
garbon:- atoms means e.g. bienzyl-, phenyl-, tolyl-, xylyl-, 
naphthyl-, or biphenyl ring systems. 

The above mentioned residues may be also substituted with e.g. 
halogen atoms, cyano-, carboxy- , carbonyl-, nitro-, carbamoyl- 
hydroxy-, SO3H- ,■ sulfate- , sulfide- or ether groups. 

„ Halogen * means e.g fluorine, chlorine, bromine oder iodine. 

In a further preferred embodiment the present invention 
relates to a pharmaceutical composition containing at least 
one of the following (active) compounds: Bis (O-isopropyl- 
dithiocarbonato) platinum (II) , Bis (O- ( 1-ethyl) propyl - 

dithiocarbonato) platinum (II) , Bis (O- (1, 2 , 2-trimethyl) propyl - 
dithiocarbonato) platinum ( II) , Bis (O-cyclobutyl- 

dithiocarbonato) platinum ( II ) , Bis (O-cyclopentyl- 

dithiocarbonato) platinum ( II ) and/or Bis (O-cyclohexyl- 

dithiocarbonato) platinum (II) . 

The expression "at least one" means one, two, three or more, 
up to all of the listed compounds. 

Also the aforementioned particular prefered compounds may be 
substituted by one or more of halogen atoms, cyano-, carboxy-, 
carbonyl-, nitro-, carbamoyl-, hydroxy-, sulfate-, sulfide-, 
SO3H- or ether groups. 

The above mentioned compounds are preferably produced by a 
process which is characterized in that a ligand exchange 
reaction from a platinum complex, such as e.g. cis- 
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chlorodiammineplatinum(II) , is carried out with the 
corresponding xanthogenate in known manner. Such a process is> 
e.g.,- described in the examples below and EP-B1-1 107 751. 

The compounds of the present invention are suitable, for 
treating various cancerous diseases, such as testicular 
tumors, ovarian carcinomas, bladder carcinomas, colonic 
prostatic carcinomas, parvocellular and non-parvocellular 
bronchial carcinomas, carcinomas of the cephalic and cervical 
parts, carcinomas of the thoracic and abdominal regions, 
cervical and endometrial carcinomas, sarcomas and melanomas as 
well as leukemias. The treatment of the parvocellular 
bronchial carcinoma or colorectal carcinoma is preferred. The 
treatment can also be carried out as a treatment associated 
with a radiotherapy or before and/ or after an operation. 

In addition, the compounds of the present invention are 
suitable for treating an autoimmune disease, e.g., rheumatic 
arthritis, lupus erythematodes, Crohn's disease, colitis 
ulcerosa, multiple sclerosis. 

The compounds of the present invention are well tolerable and 
show an up to 7-fold increased activity as to compared to 
"thioplatin" and up to 25-fold increased activity as compared 
to cis-platin. When a dosage having good antitumoral effects 
is used, hardly any side-effects occur. In particular, the 
feared nephrotoxicity known for cis-platin has not yet 
occurred in this way in the case of these compounds. Another 
advantage of the compounds according to the invention is that 
they have a broad activity spectrum against the most varying 
tumors and are particularly also effective against tumors 
which have resisted treatment with platinum compounds (e.g. 
cis-platin) so far. The compounds of the invention are 
particularly suitable for solid tumors. 
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Another advantage consists in that the effectiveness of the 
compounds according to the invention is greater in the 
slightly acidic pH range than in the alkaline one, since many 
tumor tissues have a rather acidic environment. 

The pharmaceutical composition according to the invention can 
be administered in various ways, e.g. orally, parenterally, 
cutaneous ly , subcutaneous ly , intravenous ly , int ramus cular ly , 
rectally or intratuomo rally . The intravenous or intratumoral 
administration is preferred, i.e. the administration in 
certain diseased organs or parts of the body. The 
pharmaceutical composition is administered to a patient over a 
period to be determined by a physician. 

The dosage of the compound according to the invention is 
determined by a physician by means of the patient- specific 
parameters, such as age, weight, sex, severity of the disease, 
etc. The dosage is preferably from 0.001 to 1000 mg/kg body 
weight . 

In accordance with the kind of administration, the 
pharmaceutical composition is formulated in a suitable way, 
e.g. in the form of simple or coated tablets, hard or soft 
gelatin capsules, powders for reconstitution prior to use, 
granular powders, suppositories, ovules, injectables, infusion 
solutions, pomades, creams, gels, microspheres, implants, 
which are produced according to conventional galenic 
processes ♦ 

The compounds of the present can optionally be administered 
together with further active substances and with excipients 
common in pharmaceutical compositions, e.g. depending on the 
preparation to be produced talcum, gum arabic, lactose, 
starch, magnesium stearate, cocoa butter, aqueous and non- 
aqueous carriers, adipoids of animal or vegetable origin, 
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paraffin derivatives, glycols (particularly polyethylene 
glycol) , various plasticizers, dispersants or emulsifiers, 
preservatives . 

Additives such as sodium chloride solution, ethanol, sorbitol, 
glycerol ,. olive oil, almond oil, propylene glycol or ethylene 
glycol can be used for the production of liquid preparations. 

Infusions or injectable solutions are preferably produced. 
They are preferably aqueous solutions or suspensions, it being 
possible to produce them prior to use, e.g. from lyophilized 
preparations containing the active substance as such or 
together with a carrier such as mannitol, lactose, glucose, 
albumin and the like. The ready-to-use solutions are 
sterilized and optionally mixed with adjuvants, e.g. 
preservatives, stabilizers, emulsifiers, solution aids, 
buffers and/or salts for controlling the osmotic pressure. 
Sterilization can be achieved by sterile filtration through 
filters having a small pore size, whereupon the composition 
can optionally be lyophilized. Small amounts of antibiotics 
can also be added so as to maintain sterility. 

The provision of the pharmaceutical preparation according to 
the invention in a unit dosage form for administration to a 
mammal requiring anticancer treatment is advantageous. 

The invention also relates to pharmaceutical compositions 
which contain a therapeutically effective amount of the active 
ingredient (compound according to the invention) together with 
organic or inorganic inert solid or liquid pharmaceutically 
compatible carriers and diluents, respectively, which are 
suited for the intended administration and which show no 
unfavorable interactions with the active ingredients . 
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The pharmaceutical compositions according to the invention 
comprise as active substance at least one active substance as 
defined above. Optionally further pharmaceutical active 
substances can be added to the composition, such as 
immunosuppressive agents, e.g. cyclosporine , rapamycin, 15- 
deoxyspergual ine , OKT3 , azathioprine ; cytokines (e.g. TNF ) , 
interferon, etc. In addition, the composition according to the 
invention can additionally contain a steroid or further 
cytostatic agents (e.g., methotrexate, aminopterin, 
dacarbacine, nitroso urea compounds, f luorouracil, bleomycin, 
daunomycin, daunorubicin, doxorubicin, mithrarnycin, mitomycin 
C, etc.) . 

The invention also relates to a process for the production of 
a pharmaceutical composition, which is characterized by mixing 
a compound of the invention with a pharmaceutically compatible 
carrier. 

Brief description of the drawings 

Fig. 1: Cytotoxic activity on human cancer cell lines 
IC 50 -values for cytotoxicity in MCF-7, Calu-6, LXF-289, SK-MEL- 
25, SK-OV3 and KB cells at pH 6.8. Bars in the background 
indicate IC 50 -values obtained in the corresponding cell line at 
pH 7.4 each. Exact values and SD are indicated in Table 1. 

Fig. 2: Mean quotient of IC S0 at pH 7.4/IC 50 at pH 6.8 
Mean values ± SD of IC 50 at pH 7.4/ IC 50 at pH 6.8 for all six 
human tumor cell lines tested. IC 5 oat both pH conditions were 
obtained for four cell lines. 

The following examples illustrate the invention. 
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Example 1 

Synthesis of bis (O-alkyl-dithiocarbonata)platinxim(II) - 

complexes 15-20 



All alkylxanthates were prepared according to published 
procedures (Jensen et al., Acta Chem. Scand. 1969, 23, 1916- 
1934; Rao S. R. ; "Xanthates and Related Compounds", - 1971, 
Marcel Dekker, New York) . Xanthates were purified by 
crystallization or precipitation from acetone-diethylether or 
pentane. Colourless to bright yellow crystals or solids were 
obtained. Potassium (or sodium) alkylxanthates {KS2COR or 
NaS 2 COR with R = corresponding to compounds 15-20) were reacted 
with dipotassium tetrachloroplatinate (II) (K 2 PtCl 4 ) as 
illustrated in the following scheme: 



A solution of 3.6 mmol of the suitable potassium alkylxanthate 
in 5 ml water was added to 1.2 mmol K 2 PtCl 4 dissolved in 10 ml 
water. Immediate precipitation of a yellow solid could be 
observed. In the cases of alkylxanthates with long carbon 
chains the reaction progressed only slowly. The mixture was 
stirred overnight at room temperature. The precipitate was 
filtered, washed three times with distilled water and was 
crystallized from acetone/chloroform. Remaining solvent was 
removed in vacuo at 10~ 3 torr for 1-2 days. The isolated yields 
ranged between 73-99%. 

Structures of bis (O-alkyl-dithiocarbonato) platinum (II) - 

complexes were verified by X H, 13 C and 195 Pt NMR-, IR- and UV- 
spectroscopy and by mass spectrometry. Combustion analysis (C, 




S, 



S 



4KCI 
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H, S) agreed with the calculated values within a range of ± 
0.3 %. 

All platinum (II) -complexes formed yellow crystals, which were 
stable at room temperature in the presence of light and air 
for several weeks. They were insoluble in water, slightly 
soluble in DMSO or acetone (1-3 mg/ml ) and soluble in CHC1 3 . 
All derivatives were crystallized from acetone or acetone/CHCl 3 
solutions. While being rather unstable in DMSO , the complexes 
proved to be stable when dissolved in CHCI3 or acetone over a 
period of 1-2 month, when stored at 4 °c. 

Melting points were determined in open capillaries with a 
Btichi electrothermal melting point apparatus and are not 
corrected. X K and 13 C NMR spectra were recorded in CDC1 3 on a 
Brucker AC 300 instrument operating at 300 and 75 MHz 
respectively. Chemical shifts (8) are given in parts per 
million (ppm) relative to tetramethylsilane as internal 
reference. The following abbreviations are used to describe 
peak pattern when appropriate: s (singlet), d (dublet) , t 
(triplet), q (quartet), p (pentet) , m (multiplet) , c 

(centered) . 195 Pt NMR spectra were recorded in CDCI3 on a 
Brucker DRX 3 00 instrument operating at 107 MHz with K 2 PtCl 4 as 
internal reference. Infrared Spectra were recorded on a 
Brucker Vector 22 in KBr. The following abbreviations are used 
to describe the peak intensity: w (weak) , m (medium) , s 

(strong) . UV spectra were recorded on a Hewlett Packard HP 
8452 A spectrophotometer in CH 2 C1 2 as solvent. The absorption 
maxima Xmax are reported in rim, the extinction coefficient e in 
dm" 3 mol" 1 cm" 1 . Mass spectra were obtained with a JEOL JMS-700 

(FAB, positive mode, matrix was ra-nitrobenzylalcohole) . 
Cobustion analysis (C, H, S) was performed on an Elementar 
vario EL and the results were within ±0.3% of the theoretical 
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values. All commercially available chemicals were used as 
received (solvents in p. a. quality). 



1. Bis(0-isopropyl-dithiocarbonato)platinum(XI) (15): yield 
93%; mp 159°C; 3-H NMR 8 1.52 (d, 3 J = 6.2 Hz, 6H, CH 3 ), 5.44 
(sept., 3 iT = 6.2 Hz, 1H, OCH) ; 13 C NMR 8 21.61 (2xCH 3 ), 79.08 
(OCH) , 233.95 (CS 2 ) ; ^Spt NMR 5 -4190; IR (KBr) 2980 (w) , 2929 
(w), 1627 (w) , 1446 (w) , 1362 (s) , 1287 (s) , 1082 (s), 1007 
(m) , 897 (w) ; MS (FAB+) m/z 154, 289, 307, 380, 381, 422, 421, 
423, 464, 465 (M + ) , 466, 467; UV [nm(e)] X 252 (29500), 304 
(4700), 358 (5700), 448 (2800); Anal. (C 8 H 14 0 2 S 4 Pt ) C, H, S. 

2. Bis(0-(l-etliyl)propyl-dithiocarbonato)platinum(ll) (16) s 

yield 90%; mp 92°C; ^-H NMR 8 0.97 (t, 3 J= 7.4 Hz, 12H, CH 3 ) , 
1.78-1.86 (m, 8H, CH 2 ) , 5.12 (m c , 2H, OCH). 13 C NMR 8 9.50 

(2xCH 3 ), 26.51 (2xCH 2 ) , 88.89 (OCH), 234.79 (CS 2 ) ; 195 Pt NMR 8 - 
4190; IR (KBr) 2968 (w) , 2935 (w) , 1638 (w) , 1457 (w) , 1385 

(m) , 1370 (m) , 1304 (s) , 1287 (s) , 1103 (w) , 1017 (m) ; MS 

(FAB+) m/z 380, 381, 450, 451, 452, 520, 521 (M + ) , 522, 523, 
1042 (M + Dimer ) , 1043 ; UV [nm(e)] X 252 (44600), 304 (6400), 358 

(7300), 446 (2300); Anal. (Ci 2 H 22 0 2 S 4 Pt) C, H, S. 

3 . Bis (O- (1, 2, 2-trimethyl)propyl-dithiocarbonato)platinum(II) 
(17): yield 88%; mp 170°C (decomp.); % NMR 8 0.98 (s, 18H, 

CH 3 ), 1.38 (d, 3 J = 6.4 Hz, 6H, CH 3 ) , 5.05 (q, 3 J = 6.4 Hz, 2H, 

CH) ; 13 C NMR 8 14.80 (CH 3 ) , 25.56 ((CH 3 ) 3 ), 34.99 (C q ) , 89.61 
(OCH), 234.46 (CS 2 ) ; 195 Pt NMR 8 -4195; IR (KBr) 2964 (m) , 2870 
(w) , 1628 (w) , 1441 (w) , 1370 (s), 1291 (s), 1118 (w) , 1075 
(m) , 1045 (m) , 1015 (m) , 873 (m) ; MS (FAB+) m/z 307, 381, 405, 

466, 547, 548, 549, 550 (M + ) , 551, 552, 553, 668, 1099 (M + Dimer ) ; 

UV [nm(e)] X 252 (38800), 304 (5700), 358 (6800), 446 (2400); 

Anal. (Ci 4 H 26 0 2 S 4 Pt) C, H, S. 
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4. Bis(0-cyclobutyl-dithiocarbonato)platinum(ll) (18): yield 

79%; mp 155°C; ^-H NMR 8 1.71 (mc, 2H, CH 2 ) , 1.93 (itic, 2H, CH 2 ) , 
2.37-2.44 (m, 4H, CH 2 ) , 2.45-2.57 (m, 4H, CH 2 ) , 5.35 (p, 3 J = 
6.4 Hz, 2H, OCH) ; 13 C NMR 8 13.55 (CH 2 ) , 30.10 (2xCH 2 ) , 77.23 
(OCH) , 233.31 (CS 2 ) ; 195 Pt NMR 8 -4210; IR (KBr) 2990 (w) , 2942 
(w) , 1637 (w) , 1364 (m) , 1278 (s) , 1261 (s) , 1126 (m) , 1126 
(m) , 1040 (m) , 1014 (m) , 885 (m) ; MS (FAB+) m/z 307, 460, 489, 
490 (M + ) , 491, 492, 979, 980 (M* D w) ; UV [run(e)] X 252 
(45700), 306 (6900), 362 (7700), 450 (3100); Anal. 
(Ci 0 Hi 4 O 2 S 4 Pt) C, H, S. 

5. Bis (O-cyclopentyl-dithiocarbonato)platinum(II) (19): yield 
75%; mp 156°C (decomp.); 3-H NMR 8 1.63-1.71 . (m, 4H, CH 2 ) , 1.72- 
1.86 (m, 4H, CH 2 ) , 1.96-2.10 (m, 8H, CH 2 ) , 5.58 (m, 2H, OCH); 
13 C NMR 8 23.80 (2xCH 2 ) , 32.81 (2xCH 2 ) , 88.02 (OCH), 233.95 
(CS 2 ) ; 195 Pt NMR 8 -4196; IR (KBr) 2960 (w) , 2924 (w) , 1637 
(w) , 1429 (w) , 1369 (m) , 1331 (m) , 1282 (s) , 1156 (m) , 1020 
(m) , 925 (m) ; MS (FAB+) m/z 307, 329, 460, 517, 518 (M + ) , 519; 
UV [nra(e)]: A 252 (39400), 304 (5400), 360 (6300), 448 (1900); 
Anal. (Ci 2 Hi 8 0 2 S 4 Pt) C, H, S. 

6. Bis (O-cyclohexyl-dithiocarbonato) platinum (II) (20): yield 
97%; mp 162°C (decomp.); ^-H NMR 8 1.28-1.85 (m, 16H, CH 2 ) , 
1.95-2.07 (m, 4H, CH 2 ) , 5.15 (m, 2H, OCH); 13 C NMR 8 23.30 

(CH 2 ) , 24.87 (CH 2 ), 31.14 CH 2 ) , 83.66 (OCH), 233.84 (CS 2 ) ; i9 5 Pt 
NMR 8 -4189; IR (KBr) 2935 (m) , 2856 (m) , 1626 (w) , 1448 (m) , 
1377 (m) , 1281 (s) , 1241 (m) , 1151 (m) , 1033 (m) , 1018 (s) , 
993 (m) , 907 (m) , 882 (m) ; MS (FAB+) m/z 460, 482, 544, 545, 
546 (M + ), 547, 548; UV [nm(e)] X 252 (36800), 304 (5800), 360 

(7200), 448 (3200); Anal. (Ci 4 H 22 0 2 S 4 Pt ) C, H, S. 

Crystal system: Monoclinic; space group P2i/c; with a = 
10.3154(4) A, b = 9.4968(3) A, c = 18.6967(7) A and a = 90°, p 
= 100.118(1) °, y = 90°- Distances: Ptl-S2 2.3182(7) A, Ptl- 



13 



WO 2005/058307 PCT/EP2004/014110 

Sl-2. 3200(7) A, Ptl-Sl#l 2.3237(6) A, Angles: Sl-Ptl-Sl#l 
177.19(3)°, Sl-Ptl-S2#l 104.67(2)°, Sl-Ptl-S2 74.94(2)°. 



Example 2 

Determination of the antitumoral activity of compounds 15 to 
20 against human cancer cells in tissue culture 

(A) Cell lines and materials 

Calu-6 (adenocarcinoma, lung) , SK-MEIj-25 (melanoma) , MCF-7 
(mamma carcinoma) , LXF-289 (adenocarcinoma, lung) , SK-OV -3 
(adenocarcinoma, ovary) , KB (squameous cell carcinoma, head 

and neck) were obtained from ATCC and were cultivated 

according to the instructions of the supplier at 37°C / 5% C0 2 

atmosphere and 100% relative humidity. 

PtCl 2 (NH3) 2 / was purchased from Bristol Myers as a solution of 
0.5 mg/ml (Platinex) . Thioplatin was obtained from Antisoma, 
London . 

(B) Cytotoxicity and structure-activity relationship 

The anti-tumoral activity of compounds was determined in 
tissue culture media of pH of 6.8 and 7.4. Cells were 
incubated for 2 h with the test compounds, followed by 24 - 96 
h incubation with regular, inhibitor free medium of pH 7.4. 
The substances were serially diluted in tissue culture medium 
of the desired pH. After incubation, surviving cells were 
stained with crystal violet and the optical density was 
measured in an ELISA reader. The concentration which was 
needed to reduce the cell number by 50 % (IC 50 ) was determined 
from dose-response curves for each compound. Results are 
enlisted in Table 1. 
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Secondary alkyl systems 15-20 displayed the highest activity 
of all compounds studied. When compared with the corresponding 
n-alkyl systems two to three fold reduced IC50 values were 
obtained. This effect is most obvious by comparing r4 and 20. 
The secondary cyclohexyl derivative is approximately 10-fold 
more cytotoxic on tumor cells than the corresponding n-hexyl 
derivative (c.f. Table 1 and Fig. 1). 

Furthermore, it has been found out that for all tested bis (O- 
alkyl-dithiocarbonato) platinum compounds the IC50 values at pH 
6 . 8 have been lower than those at pH 7.4. Within the tested 
compounds 15, 16 and 20 share almost equal cytotoxicity 
although there is a significant difference in the pH 6.8/7.4 
activity quotient (Fig. 2). While this values was 2.18 ± 0.49 
for 15 it was somewhat lower (1.88 ± 0.36) for 20 (being the 
most active compound) and as low as 1.35 ± 0.43 for 16. The 
difference between 15 and 16 is significant at p = 0.033 (T- 
test) . 
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